Intraoperative photocoagulation using an endolaser delivery system is an impor tant recent development in the field of vitreous microsurgery. Endolaser photo coagulation is indicated in a wide variety of vitreoretinal disorders and offers important advantages over previous techniques of endophotocoagulation using xenon energy. We review our experiences of argon laser endophotocoagulation to identify the role of this technique, the potential hazards and stringent precautions required for theatre personnel.
Summary
Intraoperative photocoagulation using an endolaser delivery system is an impor tant recent development in the field of vitreous microsurgery. Endolaser photo coagulation is indicated in a wide variety of vitreoretinal disorders and offers important advantages over previous techniques of endophotocoagulation using xenon energy. We review our experiences of argon laser endophotocoagulation to identify the role of this technique, the potential hazards and stringent precautions required for theatre personnel.
A delivery system for the intraocular appli In this presentation we review our early experiences of argon laser endophotocoagula tion and briefly consider delivery systems currently available. We also describe the find ings of an experimental study to determine the effects of argon endolaser photocoagulation on the retina of the monkey eye.
Laser Sources and Instrumentation
Currently there are two alternative systems for the delivery of argon or krypton laser light for endophotocoagulation. An air or water cooled laser unit can be located remotely in an area adjacent to the operating theatre, a fibre optic cable conveying laser light to a control console to which a fibre optic endolaser probe is connected (Fig. 1a) . A central laser genera tor can therefore supply a number of operat ing theatres as well as a slit-lamp delivery system for out-patient use, although not simultaneously. Installation of such a system is a major and expensive undertaking and requires an area conveniently located to the operating theatre suite at a distance deter mined both by the length of the fibre optic and by the number of connecting points along the fibre pathway.
A preferred system uses a portable air or water cooled laser stationed in the operating theatre, the endolaser probe being directly coupled by a fibre optic line (Fig. 1b) . With present commercial systems, a single phase 30 amp electricity power supply is required.
The air cooled units are smaller and lighter than their water cooled counterparts but emit considerable heat. An efficient air con ditioning system in the operating theatre is therefore desirable. Indications (Table I) In order to determine the principal uses, treat ment parameters and complications of laser endophotocoagulation, we reviewed the clini cal records of 131 patients undergoing treat ment, 12 patients being excluded because of insufficient data. ing fluid/gas or silicone oil exchange, endo laser photocoagulation was applied in two or three rows of confluent burns to surround the retinal break with the exception of macular holes around which a single row of burns was applied. 
Comment
The original concept of endophotocoagula tion introduced by Charles represented a significant therapeutic advance. However, with the use of the xenon arc system, high beam divergence and energy loss from destructive light interference with increasing distances from the retina necessitated a work ing distance from the retinal surface of less than 1 mm. 4 In addition to the risk of mechan ical injury, damage to the retina and the fibre optic probe can result from local heating effects unless the probe tip is immersed in an aqueous or sodium hyaluronate medium. 8 In contrast, laser endophotocoagulation with the advantages of coherence and high energy density with minimal heat dissipation enables moderate sized burns to be produced at greater distances from the retina and for the energy to be delivered through an aqueous, gas or liquid silicone medium. Furthermore, a more rapid firing sequence can be achieved which together with reduced excursion of the In such a situation a convergent beam is imaged on the retinal pigment epithelium (RPE) and thus the highest irradiances occur at this plane. Because the beam is highly focused and image sizes relatively small there is also a relatively high irradiance at the level of the inner limiting membrane (ILM). In the case of larger image sizes many manufacturers achieve this by changing the relative focus of the aiming beam and treatment beam ie. by pulling the focusing beam back up the path length of the treatment beam a larger image size can effectively be achieved. It is important to note however that in such cases the highest irradiance may be well below the focal plane of the aiming beam. In such cases the irradiance is again higher at the pigment epithelium than at the inner limiting membrane but here the highest irradiance may be within the choroid itself. In contrast with endophotocoagulation the highest irradiance is always at the level of the inner limiting membrane. The highest absorbed energy density however is always at the level of the pigment ep ithelium because this is where the maximum concentration of pigment per unit volume occurs.
1mm== == ==� �= == == =�= == == == = 3mm====+= == =t= == == =�= =�= == = 5mm�=== == == =�= =�= == == == == = Fig. 3 . Diagrammatic representation of the effect of pulling the endotip progressively further away from the retinal sUrface. The double lines labelled 1 mm, 3 mm and 5 mm are meant to represent the retinal pigment epithelium at the respective distances. In this case as the probe tip is withdrawn from the retinal surface, there is a progressive increase in the size of the area of pigment epithelium irradiated. Given a constant incident energy there will be a progressive decrease in irradiance. This will also reflect in a decrease in the energy absorbed per unit volume of tissue and therefore the temperature rises experienced within the target will progressively decrease. This is diagrammatically represented by the gaussian curves bordered by the dotted lines. In practice surgeons may not see this effect as they tend to increase the incident energy as they remove the tip further and further from the retinal surface. 
Experimental Endolaser Photocoagulation
Although the histopathological effects of con ventional laser-induced lesions of the retina have been well documented, few publications deal with the histopathology of endolaser lesions produced with tip 1 mm from retina using blue/green (a) and green (b) respectively. Note in both cases primary damage is confined to the outer retinal layers involving the pigment epithelium and overlying photo receptor cells. The damage to the fibre layer of Henle and outer plexiform layer in both cases derives from fluid disturbances or oedema. In (a) the volume of oedema has been sufficient to permeate the inner nuclear layers and also to cause some destruction in the inner plexiform layer. These do not however represent damage caused by direct absorption in these layers. between these two techniques of laser irradia tion is that in conventional photocoagulation the beam employed is directly focussed onto the retinal pigment epithelium, whereas in endophotocoagulation the beam diverges from the tip of the laser fibre. In biophysical terms, the maximum retinal irradiance (i. e. watts/square centimetre) in conventional photocoagulation occurs at the pigment epi thelium. In contrast, the maximum irradiance of endophotocoagulation occurs at the inner most layers of the retina (Fig. 2) . As the fibre tip is moved further from the retinal surface, there is a progressive decrease in irradiance (from inverse square law considerations) and an increase of the area irradiated. If the inci dent energy is maintained constant, then the energy per unit area will be reduced. This implies that whilst the optical image of the laser beam increases in size with increasing distance from the retina, the energy deposited per unit volume decreases. The thermal pro files generated by such energy deposition will also decrease. In practical terms, even though the image of the laser beam increases with greater distances from the retina, the actual area of coagulation will become more con fined (Fig. 3) .
To investigate the effects of endo photocoagulation on the retina, a series of in vivo experiments were carried out in the monkey eye. These experiments were under taken to determine whether significant damage occurred to the inner retinal layers due to their absorption of laser energy from increased irradiance at the inner retina as compared with the outer retina. The second series of experiments were carried out to document the effects of positioning the tip of the laser probe progressively further from the retinal surface. In order to ascertain the effects of absorption in the inner and outer retinal layers, two different laser wavelengths were used, namely the green only and mixed blue/green options. (Fig. 4a) . Green only lesions were always less severe than those produced by blue/green laser light (Fig. 4b) . With blue/green wavelengths, sig nificant choroidal involvement was docu mented (Fig. 4c ) and this usually resulted in more marked intraretinal oedema. In some cases the oedema was sufficiently extensive to cause secondary damage in the inner retinal layers. This effect did not occur with the green only exposures where the absorbed power/ unit volume or power density was always less for a given irradiance. With progressive movement of the probe tip away from the retina the extent of damage at the retinal pig ment epithelium decreased with corre spondingly reduced disruption of the overlying photoreceptor cells (Fig. 4d) . A slight regional difference was identified in lesions produced close to the fovea where reduced constraints on fluid movement resulted in extensive perturbations in the fibre layer of Henle.
The findings of our experimental studies clearly show that for a given power setting as the endolaser probe tip is moved further away from the retina, the irradiance decreases and the thermal disturbances resulting from the reducing energy absorbed within the pigment epithelium causes correspondingly reduced damage. They also demonstrated that no damage was caused to the inner layers of the retina by primary absorption of laser energy with either the green only or blue/green options. Damage was occasionally seen in the inner retinal layers following blue/green exposures, but this always resulted from secondary effects of fluid movements within the retina. In terms of the clinical uses of endophotocoagulation, it would therefore seem that the optimal working distance from the surface of the retina is at or in excess of 3 mm. If this distance is reduced, the peak irradiances achieved at the retinal pigment epithelium and innermost layers of the choroid are such that a massive disturbance of the blood-retinal barrier occurs with signifi cant fluid movements into the overlying ret ina. The effects of such fluid disturbances on any subsequent adhesion between the retina and the underlying tissues are unknown.
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